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ABSTRACT
 
Photovoltaic (PV) system is increasingly required in 
industries, commercial and domestic buildings. The 
performance of PV is a problem that needs attention. 
Many factors contribute to the performance of PV 
systems.  This study presents the effect of change in tilt 
angle on the performance of PV systems. The system’s 
location is Port Harcourt. An average yearly load of 
2170kWh/day was estimated for the system. Various 
angles were used for the position of the PV panel on the 
working plane. It was observed that as the tilt angle 
increases, the lower the yearly irradiation on global 
collection planes. Also as the overall system losses 
reduces, the performance ratio reduced as well. The 
reduction in the overall system and improvement of the 
system’s ‘performance ratio was as a result of increase 
in tilt angle. The ranges of tilt angle selected are: 10
o
, 
15
o
, 20
o
, 25
o
, 30
o
, 35
o
, 40
o
 and 45
o
. The success of this 
project was achieved using PVSYST tool. It is 
recommended that the system can be used at a location 
with similar solar data with study location, Port 
Harcourt Nigeria.  
 
Keywords: Port Harcourt, Performance ratio, 
Photovoltaic, Tilt angle 
 
INTRODUCTION 
Electrical power is vital in day to day 
human activity. The use of fossil fuels 
from coal to petroleum and natural gas 
have now become a liability and induces 
climate instability through emissions of 
greenhouse gases. Renewable energy has 
attracted wide academic and industrial 
research interest, particularly solar 
photovoltaic (PV) system, to replace the 
fossil generation. 
Solar PV system is a technology which 
uses energy from the sun and converts it in 
to electricity. The main components of PV 
system are the panels, rated Wp. This 
consists of one or more silicon cells 
(without any moving part or noise) to 
convert sunlight into DC electricity. 
Another component is the batteries which 
are used to store and provide power when 
there is no light in the night or poor 
weather to meet the load at all time. The 
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charge controller which regulates the 
power in and out of a battery storage bank 
and the inverters which are used to convert 
DC power to AC voltage for the AC loads. 
Other components are the maximum 
power point tracker (MPPT) that ensures 
that the PV array operates at maximum 
power point and the safety devices such as 
fuses, circuit Isolators/breakers, 
overvoltage protection and lightning 
protection devices.  
 
The output of solar PV system is mainly 
affected by different environmental factors 
like panel, tilt, irradiance, shading, etc. 
because in all the cases, the output power 
and efficiency are more rather than 
affected condition because in all the cases, 
the output power and efficiency is more 
rather than affected condition. 
 
Various studies have been done on design 
of solar power plant on different location 
over the globe [1]. The results obtained 
from simulated performance monitoring of 
seven different roof mounted PV systems 
in Abu Dhabi, the largest of UAE's 
Emirate was presented. Data was analyzed 
to evaluate the suitability of PV systems 
for installations in different types of 
buildings in the UAE. The PV systems 
consisted of amorphous silicon (a-Si) and 
polycrystalline silicon (p-Si) PV 
technologies. Different performance 
evaluation parameters were presented [2]. 
A design idea of optimized grid connected 
solar PV plant proposed in Kwame 
Nkrumah University of Science and 
Technology (KNUST), Ghana using 
RETScreen Clean Energy Project Analysis 
software was presented. The study 
analyses of the simulation results showed 
that the study is socially beneficial to the 
community in this case the university with 
an annual energy yields of about 
1,159MWh, which is about 12% of 
KNUST’s annual electricity consumption 
[3]. Petros and his associates presented the 
calculative accuracy of TRNSYS, 
Archelios, Polysun, PVSYST, PV* SQL 
and PVGIS and examined in comparison 
to the real electrical energy generated by a 
grid-connected 19.8k Wp photovoltaic 
installation. The assessment has been 
performed by using the climatic data 
which have been recorded at the site of the 
real PV Park over the same calendar year.  
 
Ramoliya and his colleagues also 
presented the simulation of a grid-
connected solar photovoltaic system with 
the use of the computer software packages 
PVSYST and their performances were 
evaluated. The maximum solar irradiation 
was achieved at a tilt angle of 22degree 
(for shapur) which was nearly equal to the 
latitude of that location (21 degree 
28minute) and no shading effect was 
considered. For 1MW grid connected solar 
PV system Energy injected to grid was 
1416980kWh and the performance ratio 
was 0.764 and the various power losses 
were also calculated [4].  
 
Furthermore, the work in [5] simulated the 
feasibility of installing a grid-connected 
photovoltaic (PV) system in a typical 
residential in Surabaya, Indonesia. The 
study was conducted to evaluate the 
technical, economic and environmental 
aspects of PV system for supplying of 
household electricity energy needs. A 
1kWp grid connected PV system 
simulation was carried out with PVSYST 
and RETScreen software. The simulation 
expected to help in demonstrating the 
advantages and challenges of installing of 
a grid-connected PV system for residential 
in Surabaya.  
 
In [6] investigation on the sizing the solar 
power plant in standalone mode of 
operation was made. Based on the load 
survey and the utilization factor the 
capacity of the plant was determined for 
battery sizing and PV sizing. PVSYST and 
C programming were used for the sizing of 
the solar PV power plant. The total load 
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was 14 kW. The total energy consumption 
was 66.196kW/hour. Considering the 
utilization factor 0.7, the effective load 
was 9.8kw. In the girls hostel mess, the 
total load was 11kW.  
 
A drilling study was conducted in [7] 
where comparative studies of different 
panel arrangement were done which 
minimized the floor area and maximized 
the power generation through tracking the 
sun. The maximum generation was 
obtained from a three layer solar PV 
System with dual axis tracking system. By 
this arrangement, the space requirement 
was reduced to 58% to generate maximum 
energy.  
 
In [8] a report on the simulation of a grid-
connected solar photovoltaic system with 
the use of the computer software package, 
PVSYST; and their performances was 
evaluated and presented. Results show that 
for 1MW grid connected solar PV system, 
the energy production was maximum in 
Tuticorin (1523MWh/year) as compared to 
other locations such as Madurai 
(1414MWh/year), Sivagangai 
(1335MWh/year) and Sivakasi (1398 
MWh/year).  
 
By literature review it was clear that study 
the effect of environmental factors like 
irradiance, shading and debris on different 
PV system arrangements for standalone 
system on different PV arrangements in 
Nigeria are there [9].  However, there was 
paucity of literature on the effect of tilt 
angle on the performance of PV systems in 
Nigeria.  
 
The purpose of the study is to investigate 
the effect of the change in tilt angle on the 
performance PV system in Nigeria. The 
objective is to design a PV system with 
optimal tilt angle position for improved 
energy supply using PVSyst software. The 
study was performed for a selected 
location in Port Harcourt Nigeria. The 
region has the latitude of 6°27´N and 
longitude of 3°16´E as well as altitude of 7 
meters above sea level (MASL) according 
to the information obtained from PVGIS-
CMSAF [10]. 
 
The method to be used in this work relies 
on the optimization principle. With this 
approach, system performance ratio was 
used to measure the optimal system.  The 
basic requirement for the design of any 
solar based conversion system is the 
knowledge of the optimal orientation and 
tilt angle surface at which peak solar 
energy can be collected. We defined the 
meteonorm for the calculation of annual 
total yield for every moth of the year. To 
receive more solar energy to meet the 
user’s need and to reduce the investment 
cost. 
 
This research report is organized as 
follows: section 2 describes the PVSYST 
software; section 3 describes system load 
description and application. System load 
sizing was discussed in section 4 while 
governing equation and result was 
discussed in section 5 and 6, respectively. 
Finally, section 7 is devoted to conclusion. 
 
PVSYST SOFTWARE 
PVSYST is a simulation program able to 
simulate both stand alone and grid 
connected PV systems PVSYST provides 
the design proposals (Area required, 
module size, inverter size etc.). PVSYST 
performs the simulation on the basis of 
power required or available area. It 
consists of input radiation meteo files of 
many locations in itself and can be 
imported from NASA-SSE worldwide.  
 
SYSTEM LOAD DESCRIPTION AND 
APPLICATION 
One of the requirements for execution of 
any solar PV project is to have the 
knowledge of the system location, weather 
data, solar irradiance measured in (W/day), 
and solar irradiation measured in 
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kWh/day. The PV system in this work is a 
stand-alone type. The location for the 
project is Port Harcourt Nigeria. Port 
Harcourt is 5.4 latitude and 4.4 longitudes. 
The latitude specifies location on the 
earth's surface. It is an important variable 
in solar systems’ calculations including the 
radiation incident on a titled surface. The 
system location and solar monthly data can 
be found in a suitable sizing software or 
NASA. There are two seasons in this 
region: the raining season and the dry 
season. The lowest temperature in the 
region is about 23.3
o
C and the highest is 
about 33.4
o
C. 
 
The system is to supply electricity to a 
supposed office. The roof is assumed to be 
facing the south in the northern 
hemisphere to receive maximum solar 
radiation [11]. The electrical appliances 
(App) in the office includes a 32 inches 
color television (TV), a table top fridge, 
seven energy saving lamps, a laptop 
computer and electric kettle. Energy 
saving halogen lamps was chosen because 
they consume low power compared to 
incandescent lamps. 
 
SYSTEM LOAD SIZING 
The system load profile construction is 
necessary for system component sizing. 
The system load configuration was done 
according to the two seasons mentioned: 
dry season (November to March) and 
raining season (April to October). All the 
loads are AC loads, hence inverter was 
needed. To accurately size the PV system, 
accurate load assessment was done bearing 
in mind inverter, battery and wiring losses. 
The raining season when the solar 
isolation availability is least and the dry 
season when the load demand is high were 
also considered.  
 
Fig. 1 shows the load profile for the dry 
season. The total average daily hourly 
power used per day is 5640 Watt hour per 
day (Wh/day). This season is characterized 
with heavy rains. The fridge average daily 
use, the lamp and computer is 5h/day each; 
but the user needs more usage of fans as 
heat is more during this period. The 
electric kettle is used only half an hour a 
day since its wattage is high. The laptop 
and TV have 5h/day and 3h/day usage, 
user uses the storage battery of the laptop 
as a backup and the TV mostly during 
break periods as shown in Table 1. 
Table 1: Load profile for November - March (dry season). 
App Quantity Power (W/App) Average use (h/day) Daily load (Wh/day) 
TV 1 120 3 360 
Fan 3 80 10 2400 
Fridge 1 200 5 1000 
Lamp 7 8 5 280 
Computer 1 120 5 600 
Kettle 1 1000 1 1000 
 
Table 2: Load profile for April-October (raining season). 
App Quantity Power (W/App) Average use (h/day) Daily load (Wh/day) 
TV 1 120 3 360 
Fan 3 80 5 1200 
Fridge 1 200 3 600 
Lamp 7 8 7 392 
Computer 1 120 3 360 
Kettle 1 1000 0.5 500 
  
 
17 Page 13-22 © MAT Journals 2020. All Rights Reserved 
 
Journal of Power Electronics and Devices  
Volume 6 Issue 1  
 
Table 2; shows the load profile table for 
the raining season. The total average daily 
load used per hour is 3412Wh/day. This of 
course means daily use of fans and fridge 
is lower than the dry season since it is 
raining season. That means daily use of the 
fans and fridge is lower because the season 
is cooler. The user needs average 7 hours 
use of light compared to the dry season. 
The electric kettle is used only half an 
hour a day since its wattage is high as in 
the dry season. Also like the dry season 
laptop and TV have less hour usage 
because the user uses the storage battery of 
the laptop as a backup and the TV mostly 
during break period. 
 
Table 3:  Yearly consumption. 
App Quantity Power (W/App) Average use(h/day) Daily load (Wh/day) 
TV 1 120 3 360 
Fan 3 80 7 1680 
Fridge 1 200 5 1000 
Lamp 7 8 5 280 
Computer 1 120 5 600 
Kettle 1 1000 0.5 500 
 
Due to how PVSYST grouped the seasons 
in Port Harcourt (having one month in two 
seasons); and because of the applications 
where the load varies significantly on a 
monthly basis the average daily load for 
each month has to be determined [11]. A 
yearly consumption definition was used in 
this work. For yearly estimate of the two 
seasons mean daily use and power 
consumption of the appliances were 
calculated and obtained as 5320Wh/day. 
Table 3 shows the load profile 
construction for the yearly load 
consumption. 
 
GOVERNING EQUATION 
The total capacity of PV panel is 
calculated as: 
 
icb
T
AV
D
P
 **

      (1) 
Where b is the battery efficiency, b

is the 
charge controller efficiency, i  is the 
inverter efficiency 
 
Total Wp of PV power required is 
expressed as: 
 
AV
AV
T
S
P
P 
                                          (2) 
 
Where AVS   is the average sun hour of the    
system site per day. 
 
The total DC current of the PV panel is 
expressed as;  
 
DC
T
DC
V
P
I 
              (3)
  
Where DCV  is the PV panel voltage. 
 
The PV module in series was obtained as; 
MPP
DC
MS
V
V
N 
                  (4)  
Where MPPV  is the Maximum power point 
voltage of the PV panel.  
 
The PV panel in parallel was obtained as: 
 
MPP
DC
MP
I
I
N 
                 (5) 
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Where MPPI  is the Maximum power point 
current of the PV panel. 
  
DCI  is the PV panel current 
 
Estimated battery energy is expressed as: 
NDB TE *
            (6) 
Where N  is the Number of autonomy. 
 
The Safe energy storage is expressed as: 
 
DOD
E
ES
B
B
B 
                                    (7) 
DODB  is the battery depth of charge. 
 
The total capacity of battery bank is 
expressed as: 
 
B
ESB
BC
V
B
N 
                                    (8) 
Where BV  is the voltage of the selected 
battery measured in Volt. 
 
The total number of battery required in 
bank is expressed as 
 
C
CB
BB
B
B
N 
                  (9) 
Where CB  is the capacity of the selected 
battery measured in Ah. 
 
Number of battery in series is expressed 
as: 
 
B
DC
BS
V
V
N 
                                    (10) 
 
Total charge controller current is 
expressed as: 
 
25.1** MPSCTCC NII              (11) 
Where 1.25 is a safe factor, SCI  is the short 
circuit current of the PV panel 
 
Number of charge controller need is 
calculated as:   
 
BC
TCC
CC
I
I
N 
                                  (12) 
Where SCB  is the current rating of the 
selected battery controller. 
 
Normally, the required solar inverter 
power is sized by scaling the sum of the 
power in Watt with a safe factor of 125%. 
But if there are high current inductive 
loads, a scale of 3 times inductive loads is 
added. These loads should be sorted and 
calculated. The only high current inductive 
load in this work is the refrigerator, which 
consumes a power of 1000Wh/day.  
 
The total inverter power needed can thus 
be calculated as: 
 
 QPPIT 325.1                                     (13) 
 
Where P is the power of all is loads 
running simultaneously, Q is the power of 
all inductive loads with large surge 
currents. 
 
Performance Ratio 
PR is a measure for the performance of a 
PV system taking into account 
environmental factors (temperature, 
irradiation, climate changes etc.). 
Performance Ratio (PR) will take into 
account the availability of the minimum 
level of irradiation needed to generate 
electrical energy or irradiation levels at a 
given period of time. Mathematically, 
performance ratio of a solar system for a 
period of time on the PV panel is given as: 
 
)/(
)(
2mkWhIrradiance
kWhEnergy
PR                        (14) 
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RESULTS AND DISCUSSION 
The focus of this work is to study the 
effect of varying PV panel tilt angle of the 
performance of standalone photovoltaic 
system. The design location is Port 
Harcourt. Different values of tilt angles at 
fixed azimuth angle of 0
o
 was defined 
respectively and optimized with respect to 
the winter season with less solar density or 
solar yield and the result of the horizon 
was obtained from the PVSYST software. 
A fixed azimuth angle was chosen because 
the location of the system is closed to the 
equator: the sun is mostly overhead all 
year round at this location [11]. It was 
assumed that there was no shading.  The 
selected PV module has 250Wp capacity 
made up of 60 cells at 12VDC. The 
maximum power point voltage maximum 
power point current is 30.7VDC and 8.1A 
respectively at nominal power of 18kWp. 
The battery voltage is 24VDC with total 
capacity of 320Ah. The section below 
discusses the performance of the PV 
system at various tilt angle. 
 
Table 4 shows the results for global 
collector on plane (GCP), system 
production (SP) and array losses (AL) on 
different tilt angle (TA). It was observed 
that the higher the tilt angle, the higher the 
performance ratio; and the lower the 
global collector on plane as well as the 
array losses and system production.
 
Table 4: Simulation results. 
TA GCP (kWh/m
2
) SP(kWh/ kWp/year) AL(kWh/ Wp/day) PR 
10
o
 1481 1162 1.55 0.571 
15
o
 1473 1155 1.53 0.575 
20
o
 1457 1141 1.48 0.582 
25
o
 1433 1122 1.41 0.591 
30
o
 1401 1096 1.33 0.603 
35
o
 
40
o
 
45
o
 
1365 
1321 
1271 
1065 
1029 
988 
1.23 
1.12 
1.02 
0.619 
0.636 
0.650 
 
Fig. 1 shows the graph of global collector 
on plan verses tilt angle. It can be seen that 
the system’s performance ratio reduces as 
the tilt angle reduces. So, in a location 
similar to the one in this study, is right to 
increase the angle of inclination of the PV 
panel in order to increase the systems 
performance.
 
 
Figure 1: Tilt angle vs performance ratio. 
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Figure 2: Array losses vs tilt angle. 
 
 
Figure 3: Global collector on plane vs tilt angle. 
 
 
Figure 4: System production vs tilt angle. 
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By doing so, losses will be minimized and 
more energy will be produced. This is 
shown in Fig. 2, where the array losses is 
inversely proportional to the angle of 
inclination. However, the system 
production and the global collector on 
plane are also effected by the position of 
the PV panel as illustrated in Fig. 3 and 
Fig. 4. The relationship of both the system 
production and the global collector on 
plane is shown in Fig. 5. The blue line 
shows the relationship between the system 
production and the tilt angle while the 
brown line shows the relationship between 
the array losses and the tilt angle.
 
 
Figure 5: System production, array losses vs tilt angle. 
 
CONCLUSION 
The effect of change in tilt angle on the 
performance of PV system has been 
successfully studied in this project. The 
PV location is Lagos with latitude and 
longitude given as 4.46N and 7.0IE 
respectively. The average yearly load 
estimation was given as 2170Wh/day. An 
engineering software PVSYST was used 
for the simulation of the PV system using 
different values of tilt angle. Based on 
performance ration, a tilt angle of 45
o
 was 
optimal at 0.650 performance ratio and 
1271kWh/m
2
 yearly irradiation of on 
global collection plane. Commendable, 
this project has studied the influence of 
change in tilt angle on the performance of 
solar PV systems. The system can also be 
applicable to other locations with similar 
load profiles to encourage sustainable 
development using renewable energy 
resources. It is also profitable to any other 
applications where noise is tolerable. More 
so, any country with similar climatic 
conditions like Nigeria can be benefited 
from the system. 
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